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SOWfXfclSIH ANALOGS 
thuudli 

S The present invention provides a novel class 

of thermally stable and. pH stable subtilisin analogs and 
to a method for prepsring such analogs, In particular, 
the present invention relates to a class of subtilisin 
analogs having a modified calcium, binding site providing 

10 improved calcium binding capacity and optionally a 

deletion and/or replacement of either residue of Asn~G.lv 
sequences present in the subtilisin. The present 
invention further relates to detergent, compositions 
containing such subtiiisins and to the use of such 

15 subtiiisins and compositions in cleaning applications. 

The term subtilisin designates a group of 
extracellular alkaline serine proteases produced by 
various species of Bacilli, These enzymes are also 

Bacillus ;■. : b ■: 1 U n molecules are composed of 
a sing"- "\~ \: ; ' . ^ - 1 - ' „ , ,v-\].;s 

i t v sub lis cod 

2 5 n UY) or 2 - - : b t tintype 

3PN-' produced by- Bacillus e^iy^oi^iou e|scisns, the a or A 
gene product or peciilps suptiiis, and the subtilisin of 

- ~~ z . c « ' i -id cn - o a c C 

sequences of subtilisin from different strains of 
30 Bacillus herein, the sequence of subtilisin 8FP" is used 
as s sr.ande.rd. For essmpie, cased on an alignment of 
sequences that gives tne highest degree of homology 
between subtilisin Carls-berg and subtilisin BPrb.. the 
serine sc. the active site of the former is referred to 
35 as serine 221, even though it is located at position 220 
o? the amino acid sequence. On the same basis, position 



WO 88/08033 



PCT/liS88/01038 



220 of the amino acid sequence of subtil is in C&rlsherg 
may be said to "cot respond" to position 221 of 
subtilisin BPS', See e>q., N-olkov et al. , Bopp e- 
S evler ' s w __2_, ? h y s i o 1 - Chsm, , 3^4 , I S 3 ? - 1 S A 0 ( 1 5 5 3 ) . 
S The X-ray structure of subtilisin 

[Wright, st al>, Najlu^s, 221, 235 j 1959 ) j revealed chat 
the geometry of the catalytic site of subtilisin, 
involving &sp^, His 0 45 ana Ser^ 1 , is almost identical 
to that of the active site o£ mamfaalian serine proteases 

10 { e » 9 , chyme t r yps i n } involving the residues Aso^^y 

His 57 ,, and Ser xSs> . However , the overall dissimilarities 
between Bacillus serine proteases and mammalian serine 
proteases indicate that these are two unrelated families 
of proteolytic enzymes. 

IS In the family of Bacillus subtil is ins complete 

amino acid sequences are available for five subtilising 
Carlsherg, (Smith,- et al. , J, Slol, Chem. , 243, 2184- 

2191 (1068}]; B?K« |«arkl«na, et al. , J, s-.ci, Chem, , 

24| : , 5198-5211 U967)b the apr& gene product; [stahi, st 

20 al , - U - , 

f ~r - - ^sen, et al. , 

FSBS Letters,- 196 , 220-232 {1986} ]. Subtilisin 
Carlsberg and subtilisin B?K 1 (sometimes referred to as 
subtilisin Novo) differ by 84 amino acids and one 

23 additional residue in BPS' (subtilisin Carls-berg lacks 
an amino acid residue corresponding to residue 56 of 
subtilisin B?K ' } . Subtilisin DY comprises 2/4 amine 
acids and differs from subtilisin Carlsberg in 32 amino 
acid positions and from subtilisin BFN* by 82 amino acid 

30 replacements and one deletion (subtilisin DY lacks an 
amino acid residue car responding to residue 56 of 
subtilisin B?*r ) . The amino acid sequence of the ape ft 
gene product is 85% homologous to the amino acid sequence 
of subtilisin SFH'\ Thus, it appears that there is an 

3S extensive homology between amino acid sequences of 

subtilising f torn different strains of Baci llus . this 
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o£ such sequence invatiances are the primary and secondary 
5 substrate binding sites, Ser A " ; 5 ~Leu i2;= -G ly 12 ' ~G3 y^^* and 
Ty! .104 resosetivsiv and the seousnce around the reactive 
sarin* illl), A S n 2i ^ <siy 219. Thr 220. Ser 22I^ t 222^ Xa 223 > 
Subtilisln molecules exhibit unique stability 
properties- Although they are not completely stable 

10 over a wide pH range, subtiiisins are relatively 
resistant to denatures ion by urea and guanldine 
solutions and their enaymatic activity is retained for 
some time in 8 M urea. In solutions having a pH below 
4, subtilisin rapidly and irreversibly loses its 

15 proteolytic activity, Gounaris, at al. , Cotnp.t Rend, 

Irav, Lab, Carlsbetg, 35, 37 {1965} demonstrated that 
the acid deactivation of subtil lain is not due to a 
general charge effect and speculated rhat it is due to 
other changes in the molecule, such as protonation of 

20 nistidine residues in the interior, hydrophobic parrs of 
rc r-c a~,"n j r t ' s c ' ;f^- w - 

largely dependent upon temperature and pH . At ph values 
below 4 or above 11 the rate of inaetivation is very 

25 rapid while at pH s s of between 4.5 and 10.5 the rate, 
although much slower, increases as the solution becomes 
more alkaline. The mechanisms or this inactive tier* are 
not fully known but there is evidence indicating that 
autodi oast ion is responsible at least in part for enzyme 

30 instability at this pH range. In general., at any pB 

value, the higher the temperature the faster the rate of 
subtilisin deactivation. 

The use or. proteases in industrial processes 
which require hydrolysis cf proteins has been limited 

35 due to enoyma instability under operational conditions. 
Thus , for example., cue incorporation of trypsin into 
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laundry detergents {e.g. , Sio~3S.. Schnyder s Swi tz« r nd ) 
to ticil t * reirsovai of protelnacsous stains had. a very 
limited success which was undoubtedly a result of enzyme 
instability under the washing conditions. In addition, 
5 bacterial alkaline proteases compatible with detergents 
have been utilised in detergent formulations* 

Because many industrial processes are 
conducted at temperatures chat are above the stability 
range of nest ansyme 5 proteas not 

10 only will be advantageous to certain industries such as 
detergent and hide dahairing, that already require 
stable proteases, but may be useful in. industries that 
use chemical means to hydrolyss proteins e>g, hydrolysis 
of vegeta-hle and animal proteins, for the production of 

IS soup concentrates. 

Although, thermal inaetivation may be the most 
important factor in restricting the industrial use of 
enzymes, other factors such as need for effectiveness 
over broad pH ranges and use of denaturing agents may 

2Q. also have a defer imerst&l effect with respect to the use 
of proteases in industrial processes. It is therefore 
desirable to obtain a class of proteases characterized 
by improved stability with respect to temperature, pal 
denaturing agents and otber conditions required by 

2 5 various industries, 

major changes in detergent formulations, particularly in 
the replacement of phosphates with alternate builders 
and in the development of liquid laundry detergents to 

30 meet environmental and consumer demands. These changes 
create e need for changes in traditional detergent 
enoymes, Mors particularly, it has become desirable to 
employ t c aoiyti »nz\ es hied possess g sater storage 
stability in liquid laundry formulations as well as 

3S stability and activity at dreader ranges of pH and 
temperature , 
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useful in detergent formulations was discloses in 
European Pat: ant Application No. 130,756, wherein 
mutations in the subtilisin of Bacillus 
5 £li!LLi£iiSH.^~^£AlILt ' lu am y loliquefaciens. » at posit, ions 
Tyr" X , Asp 32 , Asn 155 , Tyr 104 , Mst 222 f . °' , His 54 , 
Giy X69 , Phe 189 , Ser 33 , Sex 221 , Tyr 217 , Gla 156 , and/or 
Ala 152 were identified as providing changed stability, 
altered conformation or as having changes in the 

10 "processing" of the enzyme. In particular, a mutation 
of Met 222 to Ala or Cys {which mutant also exhibits a 
sharper pH optimum than wild type) or Ser assert edly. 
resulted in improved oxidation stability. It was 
suggested that substitution for Giy i&6 with Ala, Asp, 

15 Gl;u, Phe, His, Lys, Asn» Arg or Val would alter the 

kinetic parameters of the ensyma. However,- none of the 
mutations disclosed provide analogs having greater 
stability at high temperatures or stability over a 
broader pH range than the wild type enzyme. 

20 In another approach, Thomas, er ai, Nature? 

313 , 375-376 (1985), disclosed that the pa dependence of 
subtilisin may be altered by changing an Asp to Ser in 
Asp 9 ^~Gly iG0 of subtilisin BFN ' , This chance r epresents 
an alteration of a surface charge 14-15 Angstroms from 

25. the active site, However, Thomas, et al. fails to 

provide any indication of improvement where no change in 
surface charge is made, as is the case where one 
uncharged residue is substituted for another < 

A third approach , described in co-pending 0. S, 

3 0 appl i c a t ion S.N'. 819,241 r e 1 a - - 

serine protease analogs characterised by deletion and/or 
modifications of any Asn~Giy sequences present in the 
protease . 



35 
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The present invention provides a class of 
subtilisin analogs characterised as having improved pE 
S and. tfcensal stability thereby rendering such analogs 
especially useful in detergent formulations as well as 
other processes requiring stable proteases, The 
subtilisin analogs according to the present invention 
ate characterised as having an amino acid sequence of a 

10 naturally occurring Bacillus subtil is in that has been 
modified by having (l) one or more amino acid residues 
in a calcium binding site present in the amino acid 
sequence of the naturally occurring ^ciiius sunt ills in. 
replaced with a negatively charged amino acid, and (2) 

IS either residue of any ■ As«~Gly sequence present in the 
amino acid sequence of t:he naturally occurring Bacillus 
subtilisin delated or r solaced* The present Invention 
further provides detergent compositions comprising the 
subtilisin analogs of the present invention and to the 

SO use of sucfi suhtilisin analogs and compositions in 
cleaning appi i cations ♦ 

the subtilisin analogs of the present inven- 
tion exhibit improved thermal and pH stability, increased 
specific activity and broad substrate specificity thereby 

2S increasing the dstargency of detergent formulations 

containing such analogs. In particular, the subtilisin 
analogs of the present invention provide improved 
thermostability , increased pH stability and higher 
specific activity than found in "wild type" subtllisins. 

30 In addition, the present invention relates to 

DJ3A sequences having codons encoding a subtilisin analog 
as described a Cove. 

The present invention also provides a process 
for the production of subtilisin analogs comprising a 

35 host ceil having nucleic acid encoding a subtilisin 

analog as deser .bed above. In such, a cell, the nucleic 
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acid encoding the subtiilsin analog m&y be chromosomal 

selected from a strain deficient in secreted proteases, 
allowing for facile isolation or che analogs of Che 
S present invention. 

In addition,, the present .invention provides a 
method for improving the thermal and pH stability of 
suhtilisins by modifying the calcium binding site and/or 
substituting an amino acid other then asparagine for en 
10 asparagine in an As-n-Oiy sequence and in particular for 
the asparagine residue at the position in the amino acid 
sequence of the subtiilsin which corresponds to position 
218 in the amino acid sequence as disclosed in Table 1. 

IS 7 

Fig, 1 schematically illustrates the 
cyoii nation of Asn-Gly residues, such as those found at 
positions 218 and 219 of subtilisin as sec forth in 
20: Table 1, to form anhy&roaspar tylglyelne and also depicts 
base-catalysed hydrolysis thereof; 

rig 2 is a partial restriction map of an aprA 
gene-containing an EcoRI- Kpn l gene fragmanr of Bacillus 

\ - DB12? and inc d s a 

25 partial restriction map of the aprA gene and flanking 
sequences ; 

fig. 3 is a partial restriction map of a 
piasmid pAKBli; 

Fig. 4 is a flowchart illustrating stages in 
30 construction of piuMSill, a piasmid which directs 

syr< r.r.es ; s of ■ Se r " ~ s .a: s : r. from subtil Is host 
ceils i 

Fig, 5 is a partial res trior, ion mac or p&XBTsQ 

piasmid? 

3S fig, g illustrates the construction of 

P&MSXG6 ; 
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- 8 - 

Fig, ? illustrates the construction of Hi 3 

molS aor4> 

s 

It should be noted that/ as employed herein, 
the term "subtilisin" refers to a mature, secreted form 
of the ensyme which .lacks leader sequences cleaned from 
the mature enzyme prior to or at secretion, 

10 Representative of subtllisins that may be modified in 
accordance with, the present invention include but is nor. 
limited to naturally occurring subtllisins represented 
by the amino acid sequence of subtilisin Carisbarq, 
subtilisin B?N* , the agrA gene product of Bacillus 

15 subtilis. , subtilisin DY and the subtilisin of Bs„ 

meee n t ericus ., The amino acid sequence for subtilisin 
C&rXsherg is described by Smith , at ai,, J. 8iol, Chem . , 
243, 2X84-2191 (1968). The amino acid sequence for 
subtilisin BPS' is described by Mark land, et ai,, £^ 

20 Biol, Chem,, 242, 5198-5211 (1967). The amino acid, 
sequence for subtilisin m is described by Nedlov, et 
HoPPe-Sevier ' s 2 > P hysiol. Cha re. , 36 4, 1537-1540 
(1983), The amino acid sequence for the subtilisin of. 

> is described by Sveds«n» et ai . , 

25 Letters, 196, 220-232 U986) > The amino acid 

sequence of the act A gene product of Bacillus subtil is 
is described by Stahl, et aL, J, Bacteriol., 158, 4X1- 
418 (1984), The ammo acid sequence of such subtilising 
are incorporated by reference herein! Such subtil isins 

30 are characterised us having calcium binding sites 
necessary to stabilise the molecule. 

In accordance with the present invention, a 
class of subtilisin analogs are provided which possess 
improved capacity to bind to calcium. Calcium has been 

35 used to stabilise subtilisin in powders and liquid 

detergent, especially in applications requiring higher 
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subtilisin molecule to increase calcium binding. As 
used herein the terra, "modification of the calcium 
5 binding site" refers ro replacement of one or mors amino 
acids in the region of a calcium binding site present in 
the amino acid sequence of subtilisin with a negatively 
charged amino acid thereby enabling the resulting 
subtilisin analog to have an additional negative 

10 charge. It has been found that one calcium binding sice 
in a subtilisin involves the following amino acids; 
Asp 41 , Leu ?s f Asa 76 , Asn 77 , Ser 7s f lie 79 , Giy 80 , Val 8X , 
Tbr 208 and Tyr~ 14 relative to the amino acid sequence 
set forth in Table I, The present invention preferably 

15 involves replacement of one or more of the amino acids 
present in the calcium binding site with a "negatively 
charged" amino acid such as Asp and Glu, and more 
preferably Asp. It should be noted that air hough Asp 4x 
in the calcium binding sits is a negatively charged 

20 amine acid, one embodiment of the present invention 

involves changing Asp 4i to Gin 41 , The other embodiments 
relate to changes other than to Asp 4 - 1 , 

One preferred embodiment of the present 
invention involves a subtilisin analog wherein Asn-' 0 is 

25 converted to Asp 7ts « Another embodiment involves 
conversion of the lie 79 to Asp /S . A preferred 
embodiment involves a subtilisin analog wherein Asn is 
converted to Asp 7,f . The more preferred embodiments of 
the present invention involve the above preferred 

30 modifications to the calcium binding site and 

substitutions of Asn xuS and Asn*^ to Ser Xu5 and Ser 2id , 
thus eliminating two unstable Asn-Gly sequences. 

In addition to rhe calcium binding sites 
described above/ subtilisins may have one or more 

3S additional calcium binding sites. The claims of the 
present invention encompass modification of one or more 
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of all calcium binding sices that may be present in the 
subtilisin. The number of calcium binding sites in any 
particular subtilisin that may be modified depends on 
many factors,- i ,«,> tim specific subtilisin, the 
5 particular application tor the subtilisin analog. Other 
potential calcium binding sites that may be present in 
subtilieine include the following (1) Asp 140 and Pro 17 "; 
(2) Pro 14 and Gin 271 ? and (3) Pro 172 and Glu ISS or 
Asp x9 1 The specific ealciua binding site present in 

10 each molecule depends upon the particular subtilisin to 
be modified. As previously mentioned, the replacement 
of one or more of the amino acids in the above potential 
calcium binding sites will result in a subtilisin having 
improved thermal and. pH stability. Representative of 

15 replacements include Asp 140 with Giu I4C f Pro 172 with 
Asp I?a , Pro 14 with Asp 14 , Gin 271 with Giu 271 , Gin 137 
with Asp 197 . 

In addition to modifying the -calcium binding 
sites of a subtiilsih molecule , it is preferred to have 

20 any Asn~Gly sequence present in the subtilisin deleted 
or replaced, As pteviously disclosed in U.S. 
Application S.N. 819,241.. a conserved sequence, As n~-c.lv, 
at positions 109-110 and especially at positions 218-219 
of Bacil lus subtiXisins has been identified as a major 

2S factor responsible for the pH instability of these 

substances. In order to eliminate the unstable element* 
AsTt^-Gly 2 ^, from the subtilisin molecule it was 
disclosed to either replace Asn 218 with any amino acid 
ether than asparagine and/or change Giy 219 to any amino 

30 acid other than glycine. In a like manner, modification 
of the unstable Asn-Oiy element at positions 109-110 was 
described as providing stability to the analogs described 
therein. 

In addition, as previously noted, a preferred 
35 ciass analogs of a Sac ill us subtilisin according to 
the present invention have an amino acid sequence whsrein 
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■ in addition to a modification of a calcium binding sir. e , 
positions comprising an Asn-G-ly sequence in the Sac ii. las 
subtilisin do not comprise an &$n~Qly sequence in the 
analog? and in particular wherein there are fewer Asn™ 
S Gly sequences than in the Bacillus subtilisin. Most 
preferably, a position corresponding to position 218 in 
the amino sold sequence as set forth in Table 1, does not 
comprise an asparaginyi residue, but rather comprises a 
residue of a different asti&o acid., preferably en amino 

10 acid selected from among serins, valine, threonine, 

cysteine, glutamine and isoieucine. To the extent that 
replacement of asparagine with certain amino acids may 
give rise to interference with active site conformation, 
(e.g., due to steric hindrance which may he introduced 

IS by the presence of an aromatic amino acid or changes in 
tertiary structure such as may be introduced by the 
presence of a proline) substitution with such amino 
acids would ordinarily he less preferred. Likewise, to 
the extent that replacement of asparagine with other 

20 amino acids may introduce a charged group Ce>g,, 

a spar tic acid) into the proximity of the active site., 
such substitution would be less preferred. Illustrative 
of a presently preferred smbod i meat is an analog haying 
a modified calcium binding site and a [Ser 2l8 j 

35 modification or the Asn~Giy sequence of the 

subtilisin. Alternative embodiments of analogs within 
the contemplation of the invention are those having a 
modified calcium binding site and wherein & sn 103 of 
subtilisin SFN' or of the ao rA gene product is replaced, 

30 preferably by a serine, and wherein glycine residues at 
positions 110 and/or 219 are replaced by different amino 
acid residues. In ether subtilisins, modification of a 
caiciujR binding sits or sites and substitution for Asn 
at residue 62 or Gly at residue 61 of subtiiisins 

35 Garlsberg or DY are also comprehended by the present 
invention. 
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Due to their capacity so secrete substantial 
quantities of proteins end because they ars currently 
used to produce cstercent processes, Bacillus micro- 
organisms represent a preferred host for recombinant 
S production of the subtilisin analogs according to the 
present invention. Because most Bacilli secrete 
alkaline and neutral proteases, it is preferable that 
mutations be introduced into the endogenous alkaline and 
neutral protease genes of B^ sub fci lis so that the 

10 mutated subtilisin may be produced and secreted by SL 
subtllis in a medium free of other proteases. Thus the 
present invention also provides mutant strains of B^ 
subtil is which are blocked with respect to the synthesis 
of endogenous proteases but which retain the ability to 

IS synthesize and secrets the subtilisin analogs herein 
disclosed* 

As described in greater detail below, it was 
found that the pH and thermal stability and the 
stability in detergent formulations of the subtilisin 
20 analogs of the present invention is significantly 
greater than that of the wild type aorA gsns product 
subtilisin and Carisberg subtilisin, 

A subtilisin analogs according to the 
invention may be prepared in accordance with the 
25 following procedure; 

1} Isolation of the representative subtilisin 
cane acrA, from sub til is ; 

2} Cloning of the acr& gene on. a vector which 
permits utilisation of oligonucleotide site-directed 
30 mutagenesis to create desired modifications? 

3) Site-directed mutagenesis and seguencing 
of the resulting DMe so confirm the presence of the 
desired mutation; 

4} Construction of an expression vector to 
35 direct the synthesis of the mutated ensyme in 

gjife t ll is ; 
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5 ^ Const rue t it J ut* 
strains which do not synthesis© subtiiisin and neutral 
pro cease ; 

6} Isolation of the enzyme in the extra- 
cellular growth medium and its purification? 

?} Practice of procedures for insertion of 
the gene coding for the improved enzyme into the 
chromosome of a su sustxlis strain previously mutated to 
block synthesis of endogenous proteases. 

Aug used herein, the specific subtiiisin 
analogs are indicated by representing the replaced or 
deleted amino acid in brackets. For example, a ;Ser u)y ] 
subtiiisin refers to a subtiiisin molecule having a 
serine in amino acid position 109 and a f3et x ^% Set 218 ] 
subtiiisin refers to a subtiiisin molecule having a 
serine at amino acid positions 109 and 218. 

In Example I, the apt A gene encoding 
subtiiisin is isolated from the SL sunt ills genome . In 
Example 2, the apr& gens is subjected to site-directed 
mutagenesis. In Example 3, an expression vector 
containing the mutated eprA gene is constructed. In 
Example 4 , a C$er xCS 1 subtiiisin analog is prepared. 

g e;r ^i8| SU btiiisin analog. Example 6 describes prepara- 
tion of a ! Asp /S , Ser* 05 , Ser 3iS j subtiiisin analog. In 
Example 7, a [Asp 75 , Asp 77 , Ser 109 , 3sr ns ] subtiiisin 
analog a prepared. Example 8 describes the preparation 
of a (Asp 76 , Glu 79 , Ser 109 , Set 218 : j subtiiisin 
analog. In Example 9, two mutant strains of EL subtilis 
which produce no detectable extracellular proteases are 
constructed. .Example 10 describes procedures for 
integration of a mutated aprA gene into the chromosome 

SL subtilis, In Example II, wild-type and mutant 
apr& subtllisins are isolated and purified, Examples 12 
through 14 compare the thermostability of [Ser~ iS J 
subtiiisin to that of wild-type act A gene product, 
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In addition to a subtiiisin analog of the 
present invention.,- detergent compositions of the present 
invention may comprise t 

{&} At least one surfactant which may bo 
S anionic, non-ionic, or amphoteric, or a water-soluble 
soap. Typically, an anionic surfactant a linear 

aikyl aryl suiphonata) is uses in admixture with a non- 
ionic (e.g., an alkyl phenyl poiyglycol other) in 
amounts of 5-30 and 1-5 percent; by weight, respectively, 
10 of the detergent composition. 

(b) One or more builders, preferably having a 
concomitant sequestering function. Sodium 
tripolypbosphate, sodium citrate, sodium silicate, and 
zeolites are examples of such compounds, usually 

IS constituting from 10 to 70 percent by weight of the 
detergent composition. 

(c) A bleaching agent, preferably a peroxy 
compound such as sodium perborate, typically 
incorporated in an amount up to 30 percent by weight of 

38 the composition. 

£d} Ancillary agents, such as carboxymsfchyl 
cellulose, optical hrightsnsrs and perfumes. If 
required, a pH~adjusting agent is added to give a pH of 
the laundering medium in the range- of from 8.0 to 10.5. 

23 She detergent compositions contain an 

effective amount of one or more of the subtiiisin 
analogs of the present, invention. As used herein - 
"effective amount of a subtiiiain analog" refers to the 
quantity of subtilisin analog necessary to achieve the 

30 ansyoatic activity necessary in the specific detergent 
composition. Such effective amounts are readily 
ascertained by one of ordinary still in toe art and is 
based on many factors, such as the particular subtil is in 
analog utilised, the cleaning application, the specific 

3S composition of -the detergent composition, whether a 
liquid or dry composition is required and the like. 
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The particulate subtiiisin analog preparation 
of the invention is added in an amount calculated to 
give an snsyms activity of at least 0,1 Anson units (AO, 
vide infra), preferably 0.5-2. S AO per 100 g of 
S detergent composition. If required, balance to 100 
percent may be established with an inorganic filler, 
prefer ably sodium sulphate. 

Liquid detergent, compositions may be prepared 
from enzyme slurries, preferably in non-aqueous media, 

10 Typically, such slurries may consist of a suspension of 
finely ground subtiiisin analog concentrate in a liquid 
non-ionic surfactant, for example Tsrgicol 15 S 9 or a 
mixture of such surfactants, Usually, the slurry will 
also contain one or more inorganic fillers, such as 

15 finely ground sod lam dhierida, optionally in admixture 
with a suspension: stabiliser, for example fumed silica 
{Aerosil 200} . Tergitoi and Aerosil are trademarks. 

A subtiiisin analog of the invention is added 
in an amount calculated to give a protease activity of 

20: at least 0,1 AU preferably 0.5-2.5 AO per 100 g of 
liquid detergent to i - 

The detergent compositions may be prepared in 
the usual manner, for example by mixing together the 
components. Alternatively, a pre-mix is made. Which is 

23 then mixed with the remaining ingredients. 

Because of the good stability and activity 
properties described, the subtiiisin analogs according 
to the invention can be used in all fields where 
proteolytic enzymes are generally used. In particular, 

3P it can be used for detergents and cleansers or spot 

remove cs, as a depilatory in tanning, and also in the food 
industry for the preparation of protein hydrolysat.es and 
in serology £ the detect ic f sat e t e a ! 
It is particularly advantageous for use in the food 

35 industry and in serology that the subtiiisin analogs 
according to the invention have excellent stability in 
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the solid or dissolved form that physiologically accept- 
able quantities of calcium ions may not be necessary to 
stabilize the subtiiisin analog in aqueous solutions, in 
contrast to those of other enzyme preparations, 
5 The following Examples will further serve to 

illustrate the invention although it will fee understood 
that the invention is not limited to these specific 
examples, 

.Example 1 

10 

JL sub tills strain 08127 {trpC2 IsuAS 
aaoU h 200) (Lepesant, et al <( Molec , Gen . Genet , 
135-160 (1982) } was obtained from the Bacillus Genetic 
Stock Center at the Ohio State University, Columbus, 

15 Ohio. This strain overproduces extracellular serine and 
metal proteases/ &~amylasa and levansucrase relative to 
isogenic sacG* strains one to the pleiotropic effect of 
the saeU 200 mutation Clepesant, et al, , in 
Schlessinger, D. , ad., Microbiology, 1S76, American 

20 Society for Microbiology, Washington, D.C. , p. 65 

{1976}], Thus, strain QS127 is a suitable source of Dm 
tor isolating the apt A gene which codes for subtiiisin. 

.Genomic DMA was isolated from cells of 
sub tills strain -08127 in accordance wich the procedure 

25 of Sal to, et al., Biochta, Slophys, Acra,_ 72, 619-629 
(1963), Purified chromosomal Dm was digested to 
completion with the EcaRX restriction andonuciease. . 

The resulting DUk fragments were resolved on a 
iow-meltiag point agarose gel by electrophoresis and 

30 fragments in the 4.4 to 8,9 kilobase (kb) range were 
isolated. These fragments were iigated to pCFM.9 36 
i & - * * C « C . No. 53,413 £ com the toe r 1 can Type Cui tur e 
Collection, 12391 Barklawn Drive, Rock vi lie, Maryland) 
a " " ££ii - coll ? o~~ s~ a which displays 

35 higher copy numbers at elevated temperatures and which 
confers kanamycin resistance. The vector was digested 
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alkaline phosphatase prior to ligation. 

The ligation products were introduced into Hh 
coli C600 { A,T,C.C, So, 23724 from the American Type 
5 Culture Collection, 12301 Parklawn Drive, Rookville, 
Maryland) and following overnight incubation on L-ag&r 
supplemented with 10 «§/ml kanamycin, kanamycin-resiseant 
host cells were selected. Pie-gaud D8& was amplified by 
incubating the selected host calls at 42*C for 4 hours. 
10 Colonies were then transferred to nitrocellulose filters 
and processed in accordance with a colony hybridisation 
procedure described by Srunstein,- at al , * Proe v Hetl - 
Acad , Sci ,* (USA) f 72, 3961 (1S75). 

An oligonucleotide probe was used to screen 
15 for colonies which harbored the subtil is in gene on 

pCFM.936. The probe synthesized by the phosphite method 
described by Beaueage * at Tetrahedron Le&tetS -, £2* 

18SS-1862 (1981) bad the nucleotide sequence 
3' GCGCAATCTGTTCCTTATGGC 3* 
20 which cotreaponds to the amino- -terminus of the ajsrA gene 
product (Wong, et el,, Pror , * " SI, 

1184-1188 {1984} » Stahl, et al., J. Bacterid. , 158, 
4 1 i - 4 1 8 { 1984} . A h y b r i d i z a t i o n t esape r a t u r a of 5 5 * C was 
employed end 5 positive colonies were identified out of 
25 a total of 400, The plasmid DMA from one of the 
positive colonies was designated pCFM93o apt 2 , 

Plasmid pCPM936 aor2 was digested with EcoRI 
alone, with Hindi 1 1 alone and with EcoRl and Hindi 11 in 
combination. Sizes z £c HI fragments of the subtiHsin 
30 gene conformed to thosa described in Stahl, et al»? 

supra, but several otherwise undescribed Hindi IX sites 
were discovered. As described herein in Example 3, two 
of the Hind 1 .11 sites were utilised in the genetic 
manipulations of the subtiiisin gene, 
35 It was determined chat a large 6, S kb EooEI 

fragment of |L suc-tilis Q8127 genomic DSA carried the 
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acrA gene, its regulatory sequences and unrelated 
flanking sequences by verifying that restriction anxynie 
digests conformed to the results reported by Sfcahl, at 
aI *> sugra.. This was confirmed fey « sequencing using 
5 the dideoxy chain termination method described by 

Sanger, at al. r J, Hal, Biol. , 143, 161-178 (1S80) . A 
3.0 fcb ScoRI to KonX subfragmant of the 6.5 kb EcoRI 
fragment., as illustrated in Pig, 2, was also found to 
contain the ajgrA gene,- its regulatory sequences,, and 

10 unrelated flanking sequences. > - o - 

fragment is reported to be 2.5 kb in length by Stahl, et 
al. f and in the legend to fig, 1 therein, comparison of 
the scale of fig. 1 and the scaled depiction of the 
fragment therein reveal that, even in Stahl, et al. f the 

15 Kpnr-ScoRI fragment is substantially larger than 2,5 kh , 
A cloning vector for Baci llus host systems;,: 
plasmid pAMSll, was constructed as follows, The plasmid 
pT0402 (Ko.rthern -Regional Research Laboratories r United 
States Department of Agriculture, Peoria, Illindis, 

30 strain number mm 8-15264} was partially digested with 
fcha Mi J restriction endonucleas®. Fragments were 
ligated to Mi 3- mgi8 (available from Bethesda Research 
laboratories, Gaitherssurg, Maryland as catalog number 
8227 SA) which had been previously digested with 

2 $ MM 11 - Ligation products were introduced into £» coil 
JM103 (available from Phanaacia, Inc., Piseataway, Hew 
Jersey as catalog number 27-1545-01) by transformation 
in accordance with the procedure of Ma nasi , et al», J. 
%Bh...:M£Lu> S3, 154, (1970), Bacteriophage plaques were 

3D sprayed with 0 « S.M catechol (prepared in distilled water) 
to detect the functional expression of an svl.S gene 
derived from pTG402i The xylE gene encodes catechol 
2, 3 -di oxygenase and is useful for detecting promoters in 
a variety of organisms Uukewski, et Free, Natl, 

35 Sci. (USh) . 80, 1101-UP5 (1983)]. 



WO 88/fi8033 



FCT/US$8/6H).3S 



The xyX g gene was then transferred as a 1,0 kb 
ScoEX co Ps v I fragment to the Eh cox • ,/U . subtil is 
pi asm id pHV3 3 (available from the .American Type Culture 
Collection as A.T.C.C, 392X7} [Primrose, et al , P X asmid , 
5 %, 193-201 (1981) j obtained from R. Seconder (Institut 
Pasteur, Paris, France). The pHV3 3 pi asm id had been 
previously digested with ScoKI and Pgr! so that the 
xyXS-oontaining fragment, when Xigated in this region., 
would inactivate a gene for ampXcililn resistance. The 

10 resulting piasrald, pAKS2X f contains a functional xyl B 
gene in Eh eoli host calls, hut requires the addition of 
a promoter for ay IS to be expressed in B» subtil is host 
calls- EL coll cells harboring pAMB 2 1 are resistant to 
tetracycline {15 ug/rnl) and chloramphenicol {20 , g/mi } 

IS while | s cells harboring pAM821 are resistant 

only to chloramphenicol (3 yg/ml). 

The* t coo transcription termination sequence of 
bacteriophage lambda was transferred from piasmid 
pCFM936 {on a 400 base pair Pstl to BqiM fragment} to 

20 the unique Pstl site of pAMB21> A synthetic nucleotide 
with the sequence, 5' G&TCTGCA 3 ! , was constructed to 
join the Bgill extremity of the t 0?s fragment to the 
Est I site or the vector pAMS2l, The resulting pi asm id 
was designated pAM822 and had properties identical to 

25 CAMB2X except for the inclusion of a transcription 

terminator. The pAK322 pXasmid is useful for detecting 
strong promoters that are functional in Su subtilis,. 

The 1.4 kb BcoHX to Sg 1 1 1 fragment of DMA frcjs 
pAMB22 that contains xyl £ and t ogo was isolated from a 

30 low-melting point agarose gel after electrophoresis of 

restricted fragments. The 1.4 kb piece of DMA was li gated 
to pi asm id pBD€4 {available from Sac ill us Genetic Stock 
Center, number XE22) which had been previously digested 
with BcoRl and BarnHX , The resulting 5,3 kb plasmid, 
3S pAMSil, contains the polylinker sequence of K.i3mgl$ 

{Scop: I, Sstl, xmz, Sma, SamEl and XbaX) upstream of the 
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jcglE gene which ,.s followed by t OOD , as shown in Figur-s 
3, The pAMSH piasmid is capable it replicating in 3, 
sub til is and centers upon host calls resistance to 
chloramphenicol (5 ug/ml) and/or kanamycin (5 >;q/mi } , 

As illustrated in Fig, 4, the purified EcoR X 
to Kpa l fragment containing agxA was cloned onto pA.MS.il 
to form p&MSlll. Ligation products were introduced into 
~L subtil is MX 112 leuB thr S recS4) (available 

from Bacillus Oenetic Stock Center as No. 1A.4 23) by the 
protoplast transformation method described by Chang , et 
al*, Mol. Gen, genets 168, 111-115 11379}, s^ subtilis 
MI 112 without piasmid D&A is protesse-prof iciant |Prt* 
phenotype], but secreted levels of subtil Is in are rather 
low, Chiorampbenicol-rssistant (Cra r ) transtormants were 
transferred onto L-agar plates supplemented with 1*5% 
(w/v) skim milk and 5 yo/mi chloramphenicol, than 
incubated at 37*0, 

After incubation at 37*C for approximately 
sixteen hours, colonies of Ml 112 harboring piasmid 
pAMSlll produced a clear halo surrounding each colony, 
Bales were formed by the proteolytic action of 
subfiXisin on the casein component of the skim milk 
medium supplement. Kill 2 harboring the pAMBU vector 
alone had no visible halo after 16 bra, of incubation, 
although a slight halo eventually developed after 40 
hts, of incubation at 3?«C. Cells carrying pAMBXil were 
Clearly distinguished from cells carrying pAMBll by .a 
difference in halo si2«. . The cloning or the act A gene 
in a fully functional form thus led to a high level 
production and secretion or subtilisin by 8^ subtiiis. 



e 2 



As illustrated in Fig. 4, a 3,0 kb ScoRI to 
|^nl genomic fragment, the isolation of which is 
described in Example 1, was digested with Hind i XX to 
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produce three fragments: ( I) a 1,1 kb £coEI to Hind SIX 
fragment carrying genetic regulatory sequences for apra 
gene expression,- the "prs-pro" region of the gene 
required to extracellular expert of subtilisin* and the 
5 m& sequence coding for the first 43 and no acids of 
mature subtilisia; {2} a 1,1 kb HindXII to HindXXX 
fragment, carrying DMA sequences coding for amino acids 
SO through 275 { earboxyl-terssiftus } of sub till sin along 
with a transcription- termination sequence and 3 s non- 
10 coding sequences; and (3) a 0.8 kb Hindi II to Kpnl 
fragment containing 3' non-coding sequences. 

The 1*1 kb fragment flanked hy Hindu l sites 
was cloned to the single Hindi I I site of bacteriophage 
Ml 3 mol8 for the purposes of WA sequencing and slfee-° 
15 directed mutagenesis* One of the recombinants * 

designated Ml 3 mgl8 apr2, provided single stranded 
template required for sita-ditecced mutagenesis of 
the agrA gene. 

The coding region of the apt& gene was 
20 sequenced and the result s of the sequence are set forth 
in fable i herein. It should he noted that the specific 
identity of the initial 5 codons of the leader region is 
attsihutabie to the report of Stafcl, et al*> supra , and 
Wong, et aL ; su£ra, of sequence information for the 
35 apr'a gene, and that there exist cod on sequence 

differences from Stahl, et al., supra , at amino acid 
positions 84 and 35. Specifically, Stahl, et al», , 
supra f ■■ reports a codon GTT {coding for valine) at amino 
acid position 84 while the codon GT& (also coding for 
30 valine) appears in Tabis 1, Stahl., et al* , supra, also 
reports a codon AGC (coding for serine) at amino acid 
position 3S as opposed to the codon QCQ {coding for 
alanine} in Table 1, 
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••105 

Met Arg Ser Lys Lys Leu Trp lie Set Leu Leu Phe Ala 

GTG AGA ALL LA* * ; L ?GG A tC AGC PTC TT J LIT GCG 



Leu Thr Leu lie Phe Thr Met Ala Phe Ser Asn Met Ser Ala 
TTA ACQ TTA ATC TT2 ACG ATG GCG TTC AGC AAC ATG TCT GCG 



Gin Ala Ala Gly Lys Ser Ser Thr Glu Lys Lys Tvr lie Val 

CAG GST GCC GGA AAA AGC ACT ACA GAA AAG AAA TAC ATT GTC 

Gly Phe Lys Gin Thr Met Ser Ala Met Ser Set Ala Lvs Lys 

GGA T$T AAA CAG ACA ATG ACT GCC ATG ACT TCC GCC AAG AAA 

Lys Asp Val lie Ser GIu Lys Gly Gly Lys Val Gin Lys Gin 

AAG GAT GTT ATT TCT GAA AAA GGC GGA AAG CTT CAA AAG CAA 

Phe Lys Tyr Val As« Ala Ala Ala Ala Thr Leu Ait> Glu Lys 

TTT AAG TAT GTT AAC GCG GCC CCA GGA ACA CTG CAT GAA AAA 



Val 
GCC 



Ala Val Lys Glu Leu Lys Lys Asp Fro Sar Val Ala Tvr 
CCT GTA AAA GAA TTG AAA AAA GAT GCG AGC GIT GCA TAT 

~1 *i 

Glu Glu Asp His lie Ala His Glu Tyc Ala Gin Ser Val Pm 
GAA GAA GAT CAT ATT GCA CAT GAA TAT GCG CAA TCP GTT CCT 

10 

Tyr Gly lis Ser Gin lie Lys Ala Pro Ala Leu His Ser Gin 
TAT GGC ATT TCT CAA ATT AAA GCG GCG GCT CTT GAG TCT CAA 

30 

Gi.y Tyr Thr Gly Car Asn Val Lys Val Ala Val lie Asp Ser 
GGC TAG ACA GGC TGT AAC GTA AAA GTA GCC GTT ATG GAG AGC 



40 

Gly lie Asp Ser Ser His Pro Asp Leu Asn Val Arq Gly Giv 

GGA ATT GAC TCT TCT CAT CCT CAC TTA AAC GTC AG A GGC GGA 

so m 

Ala Ser »hs Va : Pre Ser Glu Cur Ass Pre Lu Gin Per Giv 

GCA AGC TTC GTA CCT TCT GAA ACA AAC CCA TAG CAG GAC GGC 

Ser Ser His Gly Thr His Val Ala Giv Thr lie Ala Ala Leu 

ACT TCT :AC GGT ACG CA IT' SCC J IT CTT 
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80 

Asn Asn Ser He Sly Val Leu Olv Val Ala Pro Set Ala See 

A AT AAC CCA ATC GGT GTT CfS GGC GTA GCG CCA AGC GCA TCA 

90 100 

Leu Tyr Ala VaX Lvs Val Leu Asp Ser Thr Glv Ser Glv Gin 

TTA TAT GCA GTA AAA GIG CTT GAT TCA ACA GGA AGC GGC CAA 



Tyr Set Trs lie He Asn Gly lie Glu Tro Ala lie Ser Asn 
TAT AGC TGG ATT ATT AAC GGC ATT GAG TGG GCG ATT TCC AAC 

120 130 
Asn Met Asp Val lie Asn Met Ser Leu Glv Gly Pro Thr Glv 
AAT ATG GAT GTT ATC AAC ATG AGC CTT GGC GGA CCT ACT GGT 

140 

Sec Thr Ala Leu Lye Thr Val Vai Asp Lys Ala Val Ser Ser 
TCT ACA GCG CTG AAA ACA GTC GTT GAC AAA GCC GTT TCC AGC 

ISO 

Gly lis Val Val Ala Ala Ala Ala Glv Asn Glu Gly Ser Ser 
GGT ATC GTC GTT GCT GGC CCA GCG GGA AAC GAA GGT CCA TCC 



Gly Ser Thr Ser Thr Val Gly Tvr Pro Ala Lvs Tyr Pro Ser 

GGA AGC ACA AGC ACA G 5 v; C 1 -.AA TAC CCT TCT 

ISO 

Thr lie Ala Val Glv Ala Val Asn Ser Ser Asn Gin Arg Ala 
ACT ATT GCA GTA GGT GCG GTA AAC AGC AGC AAC CAA AGA GCT 

190 200 
Ser Phe Ser Ser Ala Gly Ser Glu Leu Asts Val Met Ala Pro 
TCA TTC TCC AGC GCA GGT TCT GAG CTT GAT GTG ATG GCT CCT 

210 

Gly Val Ser He Gin Ser Thr Leu Fro Gly Glv Thr Tvr Glv 
GGC GTG TCC ATC CAA AGC ACA CTT CCT GGA GGC ACT TAG GGC 



Ala Tvr Asn Gly Thr Ser Met Ala Thr Pro His Val Ala Gly 
GCT TAT AAC GGA AGG TCC ATG GCG ACT CCT CAC GTT GCC GGA 

230 240 

Ala Ala Ala Leu He Leu Ser Lvs His Pro Thr Tro Thr Aon 

GCA GCA GCG TTA ATT CTT TCT LAG CAC CCC ACT TGG ACA AAC 



250 

Ala Gin Vai Arc; Asa Ara Leu Glu Ser Thr Ala Thr Tyr Leu 
GCG CAA GTC CGT GAT CGT TTA GAA A<3C ACT GCA ACA TAT CTT 
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250 270 
Giy As ft S«r Pns Tvr Tyr Civ Lvs Sly L«u. lis Asn Vai Gin 
GGA AA€ TCS TTC TAC TAT <3GA AAA GGG XT A ATC AAC G'TA CAA 

2?S 

Ala Ala Ala Gin OC 

GCA OCT CCA CAA TAA TAGTAAAjy^GMQCASGTXCCTCCA^ACCTGCS 
TCT^TTIATTTCTCAGCATCCTGATGTTCCCGCOCATTCTC 
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Bacteriophage Mi 3 mpX8 aor2 was constructed by 
inserting a l.i kb Hind i XI to Hindi II fragment of 3. 
subtil i s QB127 genomic carrying nucleotide sequences 

coding for amino acids SO through 275 { earboxyl-" terminus } 
of aprA - subtilisin alone, with a transcription termination 
sequence and 3' non-coding sequences, in the unique Hind I II 
site of bacteriophage HI 3 132X8* To eliminate the 3' non- 
coding sequences, a Kcnl restriction eo.donuelease site was 
Introduced, by site-directed mutagenesis., at a position 
isuaediately following, the transcription termination sequence. 

Site-directed mutagenesis was conducted in 
accordance with a procedure described by Norrandar et, 
ai,, gene, 26, 101-106 {1083). Single-stranded Dm from 
Ml 3 mpI8 apr 2 was annealed to a primer, 

3' ~ * v. v 3 ! 

which was synthesized, by the phosphite method described 
bylBeaucage et. aL, Tetrahedron Letters 22, 1859-1862 
(1981). The primer Was homologous to the nucleotides in 
this region except tor two (marked ay aster isks ) , where 
a thymine (I • was changed to guanine (0) and another 
thymine (?) was changed to adenine (A), thus creatine a 
K pn l site {underlined} in this region. 

The primer was annealed to Ml 3 mois aor2 oka 
at 65*C and the annealed QNA was slowly cooled to 
approximately 22*C and then polymerized tor 2 hr, at 
15*C in a reaction mixture which consisted of 12,5 ul of 
annealed DUA solution, 2.5 ul of 10 mM each of dJVIP, 
dCTF and dGTP, 20 ul of 12 m ATP, 0.1 ul Klenox Dm 
polymerase, 0.1 $»1 T4 DSA ligase and 13 ul sterile 
distilled water. The resulting double-stranded, 
coualently closed circular DNA was introduced into £, 
coH JMIG3 by transf ect ion. 

Bacteriophage plaques were then transferred to 
Gene Screen ( Hew England Hue! ear, Beverly, 
Massachusetts) hybridisation membranes. Plaques vnich 
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contained m& with the desired base changes were 
iden.tiii.ed by hybrid! nation to the radioaec ively labeled 
f r-^?) synthetic oligonucleotide' used for the mutagenic 
pr. lining reaction described above. Hybridisation was 
5 performed at a restrictive temperature (65®C) in order 
that only DNA carrying & Kpn t «u tat ion would hybridise 
to the synthetic oligonucleotide. The presence of the 
Konl mutation downstream of the apr& gene on Qtlk from a 
single purified plaque, designated MX 3 mo!8 ms 2 Kpnt , 

10 wee confirmed by D8& sequencing by the procedure described 
by Sanger et , ai., supra and restriction enzyme analysis, 

& i.i kb segment carrying moat of the 3' non- 
coding region was deleted by digesting Mi 3 mgl8 apt 2 
MS 1 EM 1 ' tsiigatxng digestion products at a 

IS concentration of SQO ng DN&/&1 t then introducing the 
ligation products into |U coll JHX03 by transf action. 
Bacteriophage plaques which contained m& with the 
desired 0.35 kb deletion were identified by restriction 
endonuclea.se analysis. Bacteriophage from one such 

20 plaque was designated HI 3 mgl8 apt 4 (Fig. ?}.. MX 3 &gX8 
aor4 provided single-stranded template DKA for site- 
directed mutagenesis of the aprA gene described 
hereinafter in Example 3> 

25 Example 3 

In order to express .mutated subtilisin genes 
in ;Lt suhtiiia < the plasmid pAMBlOfi was constructed as a 
vehicle for the mutated gene,, as follows ? 

30 15 pAHSili was digested with Hindi IT. a 1 » 1 

kb segment carrying most of the aprA gene was deleted by 
re-.li gating Hindi XI digestion products of pAMSl 1 1 at a 
concentration of approximately 1 ag/ml. This resulted 
in the formation of pmsilO as illustrated in Fig, 4, The 

35 pAMBiia plasmid carries genetic regulatory sequences for 
expression of the subtilisin gene,- the "pre-prp" region 
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required for secretion of subtiiisin, and the DNA sequence 
coding for the 3 5 non-coding region of mature subtiiisin 
and the first 49 amino acids of mature subtiiisin. 

2; Piasmid pAMSiiO was digested with SamBI 
5 and in combination. This produced DMA g ragmen ts of 

two sizes, 6.2 kb and 1,0 kb. The 1.0 kb fragment 
carries the x^lS gene, coding for catechol 2,3- 
dioxygenase,- from the TOL plasmic of Ps~ -• jnjs put Ida 
mt~2 (2ukowski et, al. , supra ) . 
10 3) The larger,. 6.2 kb ~ Bam BX~ Fst X fragment was 

seif~ligated with the aid of a single-stranded synthetic 
oligonucleotide, 5 ! GATCTGCA 3' , which was synthesized by 
the phosphite method described by Seaucage et. al., 
s up ra , and 24 DMA iigase. Ligation products were 
IS s Mill ixq 

(available from Bacillus Genetic Stock Center as Mo. 
XA423) sy the protoplast transf ormation method described 
by Changs at. al,, Hoi. Sen. Genet, 168 , 111-115 {1979-} . 

Chioramphenicol-resiscant (Cm R ) colonies were 
20 screened for plasmid content. The 5.2 kb plasmid 
PAMB106 was identified by restriction endonuclease 
analysis. It is identical to plasmid pAMBllO except 
that xyl £ has been deleted (Figure 6). 

Because it is lacking DNA coding for amino 
25 acids SO through 275 of aprA subtiiisin, pAMSlQ6 does 
not synthesize subtiiisin when introduced into a. 
eU.h;: U is rest ceils, Subtiiisin is synthesized only 
after insertion of the remainder of the subtiiisin gene, 
i.e>, either the native DNA sequence or an analog- 
30 encoding sequence, 

Example 4 

p£UDgret:ion of a f Ser i ne_J£j J Suo^yjsiji_AnaI^o 

35 Single-stranded DNA from bacteriophage Ml3mgi8 

aor4 was annealed zo a primer. 
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5 « TGG ATT ATT AGC GGC ATT GAG TGG 3 ' 

TH? ILE XX,E SEE GLX XLS GLG TRP 
5 which was synthesized by the phosphite method described 
by Seaucage at . aX„, su£ra. The primes was homologous 
to the nucleotides comprising codons tor amino acids 10S 
through U3 of aprA -suhtilisln except for one base 
Changs {marked by an asterisk) where an A was changed to 

10. a 6 to allow for the transition which would change 
Aan A ° 9 (codon k&C) to Ser l0§ (codon AGC } « 

The primer was annealed to MllmplS aor4 mk at 
65*C and the annealed DSA was slowly cooled to 
approximately 22«C and then polymerised, iigated and 

15 transfected as described in Example 2. 

Bacteriophage plaques were transferred to 
hybridisation membranes, then those which contained m& 
with the desired base change were identified by 
hybridization to a radioactiveiy labeled { a- 33 P) 

2q oligonucleotide used for the mutagenic priming reaction 
described above. Hybridisation was performed at S5*C. 
One positive plaque contained bacteriophage designated 
as H13mol8 apr4 C Ser 109 1 . Double-stranded DMA from this 
bacteriophage was digested with Hi nail X and Koni in 

25 combination, then the 1SQ bp fragment carrying the mutates 
portion of the aorA-subtilisin gene was ligated to pAMBlOS 
which had bean previously digested with Hind X IX and KonX. 
The resulting piasmid, p&MBU9, may be introduced into a 
suitable subtil is host cells' for synthesis and secretion 

30 of [Ser ICS ]-~subtiiisin, 

Example 5 

ll^l^'illllil^ = - — --JL-i- : ' '^l^iL^y ^Auri.-^il A^aLrg 

35 Single-stranded DMA from M13mpi8 apr4[Ser 109 ] was 
annealed to a primer c 
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* 

5 ! GQC OCT TAT AGC GSA AC 3 1 

2 IS 216 217 2X8 219 220 

GLY ALA SYR SER GLY THB 
whxch was synthesized by the phosphite method described 
by Seuacage at, al,, sugar a , The primer was homologous 
to nucleotides comprising codcns for amino acids 215 
through 220 of aprft-snbt i 1 i s in except for one base 
change (marked by an asterisk} where an A wae changed to 
a G to allow for the transition which would change 
Asn 2lb ( ccdon &AC) to Ser 2x8 {eodon ASC } The 
conditions for annealing, polymerization, ligation, 
transection, end identification of positive plaques 
were as described in Example 2, A single purified plague 
contained bacteriophage designed as MI3:«glS agr4: 
i'Ser 103 ., Ser 21B ). Doufe.Xfe~str ended DMA from this 
bacteriophage was digested with Hindi II and Kpn I in 
combination, then a ?S0 bp : fragment carrying the two 
mutations was ligated to pAMBlOS which had been 
previously digested with Hindi II and Ken Id The 
resulting plasmid? p&MSl30, may be introduced into EL 
sufatilrs host ceils for synthesis and secretion of 
[Ser 109 , Ser 2ls }~subeiIisin, 



Example v 6 

--'•-rat at Ion cr a ". ' . . : * , , 

Analog 

Single-stranded DNA from MilmoiS acr.4 fSer 109 , 
Sat*' lo < was annealed to a primer; 

5' GOT CTT CAT AAC TCA ATC 3' 

74 75 76 ?? 78 79 

ALA LEO ASF ASN $2$L ILS 
which was synthesized by the phosphite method described 
by Beaucage st, aX. , supra. The primer was homologous 
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to the -nucleotides comprising codoss gov. amino acids 74 
through 79 of aprA-subtiiisin except cor one ba.se change 
(marked fay an asterisk) f where an A was changed to a G 
to allow for the transition which would change Asn 7S 
S { codon M.T) to Asp ?0 (codon Givj) „ 

The primer was annealed to MlJmplg [Ser^-^,. 
Ser 2x8j m ^ at §5« c and the annealed BR4 was slowly 
cooled to approximately 22*C and polymerized* I i gated 
and trans feet ed as described in Example 2. 

10 Bacteriophage plaques were transferred to ■ 

hybridization membranes and those which contained DMA 
with the desired base change were identified by 
hybridisation as described in Example 2 except that 
hybridisation was performed at 46*C» One positive 

IS plaque contained bacteriophage designated at M13mpl8 

a£r4 Usp 7S , Ser 109 , Ser 2i8 j, Double-stranded om from 
the bacteriophage was digested with Hindi It and Kpnl in 
combination, then a 730 bp fragment carrying the three 
mutations of the ajsrA-suh tills in gene was ligated to 

20 p&miQS which had been previously digested with HindXIX 
and KgnX. The resulting plasMd, pAMBXGl, may he 
Introduced info SL subtil is host ceils for synthesis and 
secretion of Usp 76 , Ser 109 , Ser 218 J -subtiiisiru 

25 gxamolg 7 

1 , Asp"" se: - 3 S Sar 218 j 

Subt il is in Analog 

30 Single-stranded DNA from H13molS aor4 [Asp 76 / 

Set'- 09 , Ser 2i8 ] was annealed to a primer: 

* * 

5 » GCT CTT GAT GAT TCA ATC CGT 3 ' 
74 7 5 76 77 7B 79 SO 
35 ALA LEO ASP AS? SEE XLS GLV 

which was synthesized by the phosphite method described 
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by Beaucage et. al« , su££a.» The primer was homologous 
to the nucleotides comprising eodone for amino acids ?4 
through SO of [Asp ; ^ ; Ser x0i# , Ssr*~ 8 ] -subtil isi n except 
for two bass changes {marked by asterisks}, where an h 
5 was changed to a G and a C was changed to a T for the 
transitions which changed Asm-' 7 (eodon MC) to Asp' ' 
(eodon SAT } . 

The primer was annealed to MiBmplS ajst 4 
[Asp 7S , Ssr 109 , Ser 2ia J DNA at 6S°C and the annealed DbJA 
10 was slowly cooled to approximately 22 a C and polymerised, 
ligated and transacted as described in Example 2, 

Bacteriophage plaques were transferred to 
hybridisation membranes and those which contained DtiA 
with the desired base changes were identified by 
15 hybridisation as described in Example 2 except that 
hybridisation was conducted at 4S*C, One positive 
plaque contained bacteriophage designated as MISmgiS 
Apt 4 (Asp 76 , Asp 77 ,.- Set 109 , Ser 218 ]. Double-stranded 
DNA from this bacteriophage was digested with Hindi I I 
20 and gcni in combination, then she 750 bp fragment 

carrying the four mutations of the anrA-suht i lis in gene 
m-9: li gated to pAMBIOo which had been previously 
digested with Hxndlll and Hon! . The resulting plasmld, 
pAMS132, may be introduced into 8^ subtilis host ceils 
25 for synthesis and secretion of [A»p /fi , Asp n , Ssr 1 ^, 
Ser 2iS j-suhtiiisin< 

£xajnple u j 

3 0 

Subtil is in Analog 

Single-stranded DMA from Ml3mpiS apr4 (Asp 76 , 
Ser - : - c " , Ser 2l8 j was annealed to a primer; 



3B 
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ASP ASK SEP GLU GLY 7AL- LEU 
which was synthesized by the. phosphite method described 
by Beaucage et* .supra , the p riser was homologous 

to the nucleotides comprising partial codons for amino 
acids 75 and S3 and entire codons for amino acids 76' 
through 82 of [Asp* 6 , Ser i09 f Sen 218 ] -subtil lain except 
for three base changes (marked by asterisks}? wherein an 
A was changed to a G, a T was changed to an k, and a C 
was changed to an A, which changed lie 79 (codon AT€) to 
Giu 7 * { codon GAA } . 

The primer was annealed to MlSmglS apt 4 [Asp ?6 f 
Ser" u % Ssr i '~ v ] DNA at SS° and the annealed DMA was 
slowly cooled to approximately 22*C and was polymerized , 
ligated and transfeeted as described in Example 2* 

Bacteriophage plagues were transferred to 
hybridisation membranes and those which contained the 
desired base changes- were identified by hybridisation as 
described in Example 1 except that hybridisation was 
performed at 4S*C. One positive plague contained 
bacteriophage designated as Kl3mol8 apt 4 [Asp 7$ , Glu 79 , 
Set 109 ,, Ser 218 ]. Double-stranded SNA from this 
bacteriophage was digested with Hindi! I and K p nl in 
combination., then a 750 bp fragment carrying the four 
mutations of the aprA -subtillsin gene was ligated to 
P&MBI06 which had been previously digested with Hindi II 
and ESB 1 - ^ he resulting plasmid, pAMB133, may he 
Introduced into : 1: ^^±1.1 best ceils tor synthesis and 
secretion of [Asp 76 , Giu 79 , Ser 109 , Set 218 j -subtilisin , 



.35 Because -rest Bao^j. secrete alkaline and/or 

neutral proteases into the .surrounding growth medium, it 
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is preferable -has rtiucauions be introduced late; endog- 
enous alkaline arid neutral protease genes of el subtil is 
to block their synthesis so that mur.ated subtilisin 
genes, when introduced into the mutant ceil, may produce 
5 mutated subtilisins which will then be secreted in. a 
medium free of other proteases likely to interfere with 
isolation of intact subtilisin analogs. Two mutant IsL 
sj;::t, i; ii strains BZH and 822$, which produce no 
detectable extracellular proteases, w$.r§ constructed in 

ID accordance with the following procedure? 

First, a piasmid vehicle capable of replicating, 
in JL coli , but not in 8^ subtills unless integrated into 
t.he .3^ subtil is chromosome by homologous recombination, 
was. constructed as follows » Piasmid 08DS4 {Bacillus 

15 Genetic Stock Center, Humber 1.E22) was digested to coa* 
pletion with Hpa ll to produce three fragments of 2 , § S kb :f 
1.0 kb and 0,7$ kb in sise. These fragments were then 
ligated as a mixture to piasmid pBH322 (A,?.C«C, 37017) 
which previously had been digested with Cla l , The 

20 ligation products were introduced into SL coli C600 

{available from the American Type Culture Collection as 
A.T.CC. 23724) by transformation (Mandei, et ai t , JL 

* ~ s el 

resistant no chloramphenicol (20 .,n/sl) and ampicillin 

25 (SO ug/ml) . Piasmid ON A from 12 t rans formants was 

prepared by an alkaline extraction procedure described by 
Sirnboim, et ai,, Nucleic Acids Res, , 7, 1512-1523 {1919} , 
then digested with Hindi II and ScoPI in combination to 
verify the presence of inserted fragment { s) » One such 

30 piasmid, designated pAM33D, was round to carry the 1.0 
and 0,75 kb H| - or 

pBH3 22. These fragments contain the chloramphenicol 
acetyl transferase (curt) gene whicu is functional in £L 
coli and sunt i i i s « Digestions with .Belli and, 

35 separately, with SauJA confirmed the identity and orienta- 
tion or the cat gene oh p»830 f as illustrated in Fig, 5, 
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Because pAMB3G lacks an origin of replication 
Sisquesce which is functional in B , • , .. : c , . - cannot 
replicate as an autonomous tspiicon in subtiiis host 
cells. On the other hand, pAKB30 contains the pBE322~ 
5 derived origin of replication which is functional in E* 
col j f thus the piasmid can be propagated in 3, cry.:, n oa t 
cells. Plasmid cams 30 is useful In at least 3 ways. 
First , a fragment of DHA which contains a functional 
origin of replication in 8u subtilis may he detected 
10 when cloned onto pAMB3Q such that the plasmid will 

autonomously replicate in the extracfcromosom&X state. 
Second, plasmid p&K83G can integrate into the genome of 
lie £3i^iiil.o at a site of homology between the chromosome, 
and subtalis DHA cloned, onto pAHB30. This has been 

15 ^ c ° ~- Ihi- 

m~m and Young, J> Gen. Microbiol, , 129,. 1497™ 

IS 1.2 (1983) using plasmid vehicles similar to, but not 
identical to p&M330. 

Plasmid pAKB2X (described in Example 1) was 

20 digested with ScoRI and Psfl to isolate the xyl £ gene on 
a 1.0 kb fragment. The fragment was ilea tec to pAMB30 
which had been previously digested with ScoRI and 
Pari. Ligation products were introduced into Sh coll 

25 phenicol resistant { 20 ag/rai) host ceils which were 

sensitive to ampiciiiln (50 ag/ml) due to the insertion, 
of the xylHI fragment of into the structural gene 

for ampiciiiln resistance of pAMB30. The resulting 
plasmid, pAMB 3-0/21, has properties identical to pAMB30 

30 but has, in addition, a functional xy.i £ gene. 

Plasmid pAMBiXO , which carries the aprft gene 
deleted of a region coding for the latter 226 amino 
acids of mature suhtilisin, was digested with ScoRI and 
SHE 1 - The X.9 kb fragment of subtilis DHA. containing 

3b genetic regulatory sequences for aprA gene expression, 
"the pre-pro" region, the M sequence coding for the 
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first 49 amino ac;.ds of nsavare sust.i;.a.s.in ana a' non- 
coding sequences was I i gated co pAMB30/21 teat had neen 
previously digested with EooRI ana KpM. Ligation 
products were introduced into coll C600 by 
transformation. Flasmid DNA from several transformants 
was isolated by the alkaline extraction procedure of 
Birnboim, et &.!,,- supra, and the presence of the 
inserted 1,9 kb fragment was verified by multiple 
restriction endonuciease digestions. One such plasmid, 
designated pAMB30i . f was retained for further use, 

sub tills strain 8GSC1A27 4 (Bacillus Genetic 
Stock Center) carries a mutation at the npr locus and is 
incapable of producing extracellular neutral protease. 
The piasmid pAMSSOX was integrated into the genome of JL. 
suo ; . 4i _s Hk>SCIA2'?4 by transformation of competent ceils 
tSpisizen, Proc, Natl, Acad, Sci. (USA), 44, 1072-1078 
(1958 ) 3 * Selection was for chloramphenlcol~resistant 
.(5 vg/ml ) host ceils which ware then transferred by 
sterile toothpicks to L-agar supplemented with 1, SI 
(w/v) powdered sxim milk and ; 5 „g/nl; clorampbanicol:. 
Those ceils which failed; to produce a clear halo 
surrounding the colony were deficient in the ability to 
produce extracellular neutral and serine proteases due 
to the combination of the ngr mutation along with the 
newly introduced aorA mutation. The aprA mutation was a 
deletion or the latter 226 amino acids of mature 
suhtiiisin due to the replacement of the wild-type apt A 
gene with the deleted version carried on pAM8301. One 
such strain, designated 8224, has the Npr~ Apr™ Cm r 
pheaotype, thus It produces no detectable extracellular 
neutral protease nor extracellular alkaline protease and 
is resistant to chloramphenicol at S ug/ml, Southern 
Clotting [Southern, J . Mol . Biol - , 9 3, 503-51? (19?5)] 
was used to confirm the deletion in the a pjA gene on the 
Chromosome of 5> * .;:,....» 5314. Cultivation at 3^ 
subtil is 3224 in Antibiotic Medium No. 3 (Penassay 
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Broth? Difco,- Detroit, Miehiganl in the absence of 
antibiotic selection for approximately 32 generations 
led to the isolation of a derivative strain of 8224 in 
which the cat gene conferring chloramphenicol resistance 
5 upon host cells was lost due to its instability in the 
8224 chromosome » Such a phenomenon has been previously 
observed by Stand,, et J > Sact er iol . , 158, 411-4 IS 

(1984), a ehldramphsnicoi~-sensitive derivative of BZ24 
was designated BZ2$ . 8*_ subti lia has th& 8gr~ Apr"" 

10 phenotype, thus it produces no detectable extracellular 
neutral protease nor extracellular alkaline protease. 
Southern blotting was used to confirm the deletion in 
the aprA gene on the chromosome of B*_ subtiXis 322S. 
Because subtil is 8225 produces no 

IS detectable extracellular neutral protease nor 

subtilisin, It is a useful, host strain for introduction 
of~piasmid DBA, such as pAMSll3 ; . for the production of 
mutated suhtilisins which may be secreted into the 
surrounding growth medium free of other proteases, 

20 BS2S produces no detectable 

extracellular proteases when culture supernatants are 
assayed as described below, subtil is BZ25/pA*SBU3 , 
which is S22S that harbors plasmid pAMBll3 {introduced 
by the protoplast transformation method of Chang, at 

25 s.PPr a ) produces appreciable quantities of CSer 2 ' 18 ]- 

subtillsin when culture supernatants are assayed as 
described. 



Integration of the [ Set kii M -subtil isin gene 
into the chromosome of S »_ subtil is was believed to 
35 provide an efficient way of increasing the genetic 
stability of this mutant gene- Such an approach also 
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alleviates the requirement for c hi o t amphe n i col in the 
fermentation, medium which is otherwise needed for 
application or selective pressure to maintain plasmid 
DK'A in the extrachrornosomai state, Therefore, the 
S [Ser 2ld j~subtilisin gene,- along with its genetic 

regulatory sequences and flanking DMA homologous to tha 
8^ sue tills chromosome, was isolated from a low melting 
point agarose gel after electrophoresis of pAMS113 which 
hod been digested - 1 ' :cei i nation* 

10 The 4.0 kb EcoRI to Pat I fragment {illustrated in Fig. 4} 
was than u gat so to pAMB30 {illustrated in Fig, 5) which 
had bean digested with EcoUI and Pst'I in combination. 
Ligation products were introduced into cpli HS101 
(A.T.C.C. 33694} by transformation. Selection was for 

IS cells resistant to chloramphenicol {20 ug/ral). Plasmid 
DH& from four transf cements which mat the criteria abovs 
were isolated by the alkaline extraction procedure of 
Sirnboim, at al. , suora, then digested with ScoRl and 
Pstl in combination. All four piasmids contained the 

30 4,0 kb insert and the 3.6 kb remaining portion of 
pAMB'3'G* One such plasmld, designated pAM8302, was 
purified and retained for further use. 

Repeated attempts to integrate plasmid pAMS302 
into the chromosome of . subtil is 82 25 by the 

13 competence method [ Sp.i z izen f supra j were unsuccessful . 
This may have been due to the failure of E225 ceils to 
become competent by the method employed. Therefore; 

> - IZ 2 5 cells by , 

che protoplast transformation method of Chang, at al. f 

30 s upra . This result is particularly significant in that 
research strains in which integration has been obtained 
ware selected on the basis of transformation by the 
c reps e »thod. Strains wi it na\ > r$ab 

become competent, and in particular industrial strains 

35 which were not selected on the basis of transformation 
by the competence method, may be more likely to be 
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unable to become competent. 

Selection was for chloramphenicol- resistant 
cells (5 yg/ml) calls, nhieh were then transferred with 
sterile toothpicks to L~agar supplemented with 1,5% 
S iw/v} skim milk and 5 yg/ml chloramphenicol, Calls were 
incubated overnight at 3?*C» Clear ha loss of different 
diameters were observed around the Cnr colonies. This 
indicates that subtil is in was produced and secreted by 
these cells* An attempt was made to isolate piasmid dksa 

10 from eight of these colonies by the alkaline extraction 
method* No piasmid Dm was detected on agarose pels 
which were stained with ethidium bromide (1 ug/mi} to 
visualise DKA after electrophoresis. The absence of 
extrachromosomal plasisid m& in the Cm r cells which 

IS produced subtilisin was a strong indication that p&*M8302 
had been integrated into the chromosome of el spot ilia * 

Several colonies resulting from this 
experiment were isolated and designated 8239, 
BOO, B331, B23 2 and S233. Each strain was grown 

ao overnight at 37*C with vigorous shaking in brain heart 
Infusion medium {SHI t Difco) supplemented with 5 ag/ml 
chloramphenicol « Culture saperna tents were assayed tor 
subtilisin activity. S± sunt ills strains B228, B22S, 
8230, 8231, B232 and B233 ail produced subtilisin arid 

25 secreted it into the surrounding growth medium, some 
strains producing core than others- The amount of 
subtilisin observed in the liquid culture broth was 
directly proportional, to the sits of che hale observed 
on sKi« milk L~agar plates* Because of the amounts ox 

30 subtilisin secreted by these ceils differed, multiple 

copies of OAM.B302 ware integrated into the chromosome or 
gene amplifies c » - Microbiol,, 129 , 

1492-1512 (1983}; Albartini, efc si 
1203-1211 (isasn had taken place . 

35 
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WiXd-type subcilisin, from 82 2 5/pAMBXXi , and 

B22S/pAM.B13I, were isolated and purified as follows. 
5 Each culture broth was centrifuged at 15,0009 for 30 
minutes and protein in the clear supernatant was 
precipitated with *NH 4 ) 2 S0 4 (3SGg per liter) < The 
precipitate was collected by cencr x ruga r. ion, triturated 
with ?S% acetone, filtered and dried under vacuum* 

10 In order to further purify the enzyme, the 

dried precipitate was dissolved in water and the 
solution was filtered and then dialysed against 0..02M 
sodium phosphate buffer at pH 6,3. The dialy««d 
solution was passed through a column (2,5 x„ IS cm} of 

15 carhoxymatnyi cellulose at a rate of 2 mi par minute > 

After washing the column with 0,02m sodium phosphate (pH 
6,3), the ensyme was eiuted with the same buffer 
containing 0.15M NaCl. Peak fractions were pooled and 
protein from ths fractions containing the enzyme, as 

20 identified, by 5 color change in 3 sample or one fraction 
mixed with seccinyX~L~alanyX~L~alanyX~L~prclyX~L~ 
phenylelanyi-'p-nicroanitide (vega Biochemical s) * were 
precipitated toy addition of 2.5 volumes of acetone. The 
precipitate was eoXlscted by centc ifugation and then 

25 dissolved in 0.0OSM calcium acerare (about 1 mi per 10 
mg). The resulting solution was diaiyzad at 4»C against 
water and then lypniiiced. 



o±£EcliL. 12 

Pure subtil is in or subtiiisin analog was 

~o„~. - a "PLC Sur s ~- ~ a u the materia] 

35 eiuting as the intact (not cleaved) protein was pooled., 
in 20 m HSS, 0.1 M mCl (: 10 m CaClg, pH 6,2. Samples 



WO 88/08033 



PO7US88/0I63S 



at wild type subtilisim or subtilisin analog ©f. the 
present invention to be- evaluate were incubated for 10 
min, in the same buffer, the buffer +3% SDS, or 20 m 
ms t Q.l U N&Ci, 5 oM C«C1 2 and IS mM SDTA at the 
5 indicated temperature. The samples were cooled to room 
temperature for 3 sun, and then assayed for 38 sain, at 
roars temperature C2Q°C) in Tris-HCl, pK 8.0 with 0,6% 
aseeasain to determine proteolytic activity. The 
proteolytic activity of each sample is expressed as a 
1Q percentage of the original activity of either wild type 
or analog, at 2Q*C in 10 m Ca€l 2 , and is represented in 
Table 2, 
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r£ . tec £. C A£t i v 1 1 v jD£^^ W 

5 Tempera ti- e 0% SDS 3% SDS 0% SDS *15 m.H £DTA 

20 100 8 100 

35 100 0 62 

50 §§ 0 37 

1.0 70 14 0 14 

100 0 0 0 



Activity of Usp 75 , Set 109 , Ser 218 j 
Suhtillsln Analo g of E xample 5 

Temperature C> ^ds :^ tx zzh\ 



H 

94 
5 



Example 13 

23 

Intact subtilisihs were obtained by PPLC on 
the Superose 12 column. The Intact suhtiiisins war® 
incubated for 30 minutes at room temperature {20*0} in 
15 rim MES, 0.05 M NaCI , pH 6.3 containing either 4 m 

3D GaCi 2 or 4 :r,M and a varied amount of SDS, The 

proteolytic activity of the enzyme was then determined 
by a 20 tain* incubation in 0,6% azocasein in Tris-Ci, 
pES.G. The proteolytic activity of each sample, 
evaluated is expressed in Table 3 as a percentage of the 

35 original activity of the sample in 0% SDS and 10 n*M 
Ca 2 "\ 
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Proteolytic Activity o £ V ila T-ype Skills in 







±.„^ SDTA 


0 


100 


94 


0,1 


1GB 


76 


0,25 


100 


45 


o.so 


76 


13 


0,75 


63 


3 


1 * 0 


60 


-0 


2*0 


23 


0 


3.0 


1? 


0 



groteolytic Activit^ol .[Asp"*, Sec^^^g^ 



20 










0 


100 


93 




04 


100 


95 


25 


0,25 


100 


§6 




0,50 


100 


81 




0,75 


90 


79 




1,0 


96 


is 




2,0 


m 


S3 


30 


3,0 


11 


ss 



Ths stabilities .of [Asp 76 , Ser 109 , Set 218 ] 
35 subtilisin analog, (Asp 76 , Giu 79 , Ser l09 f Set 218 ] 
subtilisin analog and subtilisin Carisberu wets 
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availed a: three temperatures i25*C f 37«C and 50 ft C> 
two buffer solutions (O.OSM sodium phosphate, pH 9.0 or 
0>12 M sodium glycinate, pH U.0}. The results are 
expressed in Table 4 as half-life of the enzymes under 
5 the specified conditions. 



30 
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A- In Q.12M sodium g.lyei«at« pH XX . 0 * 0.2% SDS. 

[Asp 76 , 3er 10S , Ser 2 * 8 | analog HQ days 35,2 hrs §.,7 hrs 

subtiHsin Carlsberg 3 days 8,4 hrs 0,53 hr 

iW 8 * Sar 109 , Ser 2l8 J analog 154 days 35,3 hrs 7.8 h ES 

8, Xtx 0.QSM sodium phosphate pH S.O * 0,2% SOS, 

Usp ?§ , Sar 109 , S«r 2 *8j an&log 79.2 hrs 16,8 hrs 0,52 hr 

subtilisln casisberg 17.3 hrs 2,4 hrs 0,18 hr 

l'*^'-. Glu 79 , Ser 109 , Ser 218 ) analog 86.3 hrs 22,0 hrs 0,96 ht 

C. In 0.X2M sodium $lycinate pH 11,0 + 3 m» mm. 

Sttbtiilaia t|Jim ^iST^CJt tj.{S0«C) 

[Asp 76 ,. Ser 109 , Sex 218 } analog 25.7 hrs 1<87 hrs 0,25 hr 

subtilisin Carisberg 24 hrs. 1.71 hrs 0,45 hr 

[Asp 76 , Glu 79 , Sar 109 , Sec 2i8 I analog. 21. S hrs 1.42 hrs 0.20 hr 

D. in 0.QSK sodium phosphate pR 9.0 * 5 m £OT&. 

(As P ?s f Sec 109 , S«r 2I8 I analog '27.4 hrs 1.75 hrs 0.23 hr 

subtilisin CarUbecg 25.3 hrs 1-.S9 hts 0.32 hr 

[Asp ?s f Glu" 9 , Sar 109 , Ser 2i8 } analog 19.7 hrs 1,35 hrs 0.17 hr 
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While the present invention has been described 
in terms of preferred embodiments it is understood that 
modifications and improvements will occur to those 
skilled in the art, thus, it is expected that 
5 substitution of residues at calcium binding sites other 
than at the specific calcium described herein may 
improve stability as well. Additional improvements in 
stability are expected for such substitutions mace in 
other enzymes which have the Asn~Giy sequence and in 

10 ether proteins comprising this sequence. Furthermore, 
it is expected that a subtiiisin analog according to the 
present invention possesses superior properties to wild 
type subtil isins in detergent formulations such as those 
disclosed in, for example, U,S, Patent no* 3,732,170? 

IS Patent $o* 3,749,671 and O.S. Patent No. 3,790,482, 

all of which are incorporated by reference herein. 

. Moreover, for practical seasons many 
industrial processes are conducted at temperatures that 
are above the stability temperature range of most 

20 ensymes. Therefore, although detergent applications 
have been emphasised herein, it is believed that 
thermostable subtil.is.in analogs according to the present 
Invention are not only advantageous to certain 
industries such as detergent industry, which already 

25 require stable subtilisins, but also may be useful in 
industries that use chemical means to hydrolyse 
proteins, e.g. hydrolysis of vegetable and animal 
proteins for the production of soup concentrates. 

Therefore, it is intended that the present 

30 invention include ail such modifications and 

improvements as corns within the scope of the present 
invention as claimed* 



35 
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WHAT IS CLAIMED IS: 

1. A subtilisin analog characterised as having m amino 
acid sequence of a naturally occurring Sacillus 

3 subt ill sirs that has fee«.n modified by having $ 

(i) one or more of the amino acids present 
in a calcium binding site of the naturally occur ring 
Bacillus subtil is in replaced by a negatively char gad 
amino acid? and 

10 {2} one or more of any Asn-Giy sequence of 

the naturally occurring Ba cillus subtilisin deleted 
or replaced by a different amino acid. 

2. A subtilisin analog according to Claim i wherein the 
15 analog is an analog of a naturally occurring 

Bacillus subtilisin s&Xeeted from the group 
consisting of subtilisin catisoarg, subtilisin DY, 
subtilisin BPS', an agrA subfciUain of Bacillus 
sub^iis - ubtilisi s :illus 
20 " 

3. A subtilisin analog according to Claim l wherein one 
or more of the amino acids in the calcium binding 
site represented by Asp 41 , Lau 75 f Asn 76 ,- Asa 7 " 7 , 
Ser 7S , fie 79 , Gly 80 , Va.l 81 ? Thr 208 and Tyr 214 is 

25 replaced with a negatively charged amino acid, 

4* A subtilisis analog according to Claim 3 wherein the 
negatively charged amino acid is Asp or Olu. 

3D 5 * A subtil is in analog according to Claim 4 having 
Asn 76 replaced with Asp 76 , 

6. A subtilisin analog according to Claim 4 having 
Asn" replaced witfe Asp 77 ; 

3S 
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7* A subtiiisin analog according to Claim 4 having 
lie-'''- replaced wit" CIu /9 . 

a< A subtiiisin analog according to Claim 4 having 
5 Asn 7fe replaced with A$p' Q and Asn 77 replaced with 

Asp 77 , 

9. A subtiiisin analog according to Claim 4 having 
Asn' 6 replaced with Asp' 6 and I Le ' ~ reel a ceo vitn 
10 ffitu**. 

10s A subtiiisin analog according tc Claim I wherein an 
Asn residue in the Asn-Giy sequence is replaced by a 
residue or a different amino acid, 

15 

11, The analog as recited in Claim 10 wherein an &srt 
residue in said Asn~Cly sequence is replaced by a 
residue or an amino acid iron; the group consisting 
of Set, Val/?hr f Cys, Glu and lie. 

20 

12. A subtiiisin analog according to Claim 11 wherein 
the Asn residue in the Asn-Oiy sequence is replaced 
by Set, 

25 13. A subtiiisin analog according to Claim 12 wherein an 
Asp residue at position 109 is replaced by Set, 

14, A subtiiisin analog according to Claim 12 wherein an 
Asn residue at position 213 is replaced by Set, 

30 

15. A subtiiisin analog according to Claim 12 wherein an 
Asn residue at positions 109 and 218 is replaced, by 

35 16., A subtiiisin analog according to Claim 15 selected 

from the group consisting or Usp 7S , Set 109 ,. Ser 218 ! 



WO 88/08033 



PCT/US8S/&1038 



subtiiisin, [Asp 7; , Sar 1DS ; Set 218 ] subtllisin, 
I SI* 7 l f Ser ^° 9 ' Ser 2i8 ] subtiiisin, [Asp 76 , Asp 7? f 
Sen 109 , Ser 2iS ) subtiiisin and [Asp 76 , Glu ?s , 
Ser 109 , s«r 2X6 l subtiiisin. 

A subtiiisin analog according to Claim I wherein the 
M£iMS£ subtiiisin has a naturally occurring amino 
acta sequence disclosed in Table l. 



10 18. A subtilisin analog according to Claim 17, £Asp 7S , 
Ser 109 , Ser 2X8 j subtilisin, 

IS. A subtilisin analog according to Claim 17, [Asp 77 , 
'Set 189 , Set 218 ] subtilisin, 

15 

20. A subtilisin analog according to Claim 17, COXu 79 , 
Ser 109 , Set 218 J subtilisin, 

21. A subtilisin analog according to Claim 1?, [Asp 76 , 
20 Asp 77 , Ser 109 , S«r 218 j subtilisin, 

22. A subtilisin analog according to Claim 17, [Asp 76 , 
Glu 79 , Ser 109 , Ser 2i8 ) subtilisin, 

25 23. A OKA sequence encoding an analog of Bacillus 

subtilisin, said Bacillus subtilisin navxng an amino 
sequence comprising a calcium binding sits and an 
Asn-Gly sequence, wherein (!) oodons which encode 
one or mors of the amino acids in the calcium 

30 binding site are delated or replaced by codons 

encoding a negatively charged amino acid; and (2) 
oodons which encode one or more of the amino acids 
in the Asn-Gly sequence are deleted or replaced by 
codons encoding a different amino acid residue. 

3S 
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24, A method for improving thermal and pH stability of a 
Bacillus subtilisin having a calcium binding site 
comprising replacing an amino acid residue in the 
calcium binding site with a negatively charged amino 

S acid and replacing or deleting one or more of the 

amino acids in a jksn-Siy sequence* 

25, A composition comprising an effective amount of a 
subtilisin analog of. Claim X in a detergent 

10 formulation, 

26, A subtilisin analog characterised as an amino acid 
sequence or a naturally occurring Bac illu s 
subtilisin that has been modified by having one or 

15 more of the amino acids present in a calcium binding 

site of the naturally occurring Bacillus subtilisin 
replaced by a negatively charged amino acid. 
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I, Claims 1-9, 17, 23, 24 and 26 drawn to sufctriisjin aas- 

. Ov - v ^ * - 1 

jrsqion ace substituted, method ox: stabilising said analog 
and tm 

222, 91 , 172 .1 and 172.3; and Cass 536 subclass 27 
respectively . 

II, Clams 10-16 and IB-22 drawn to a sabtilxsn analog 

x _ , as ti^aou - re . - ^ 

>: gxon are 

classified in Class 435 subclass 222; and Class 530 
subclass 350. 

III, Claris 25 drawn to a detergent coaposxtion comprising 
5 e isoant o: a su&tiUsio r.alog c as 

Class 252 s udeiass ."4. .2. 



